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ABSTRACT

Cover crops (CCs) are a diverse group of species that are sown simultaneously or after
the cash crop either as monocrops or mixtures. A farmer survey with 1130
respondents was carried out with the aim to gain knowledge on CC species used
by Finnish farmers, to understand how experienced farmers were with them, how
experiences varied depending on farm and farmer characteristics, and to identify
target groups for dissemination and policy measures. The studied groups were
conventional and organic farms that had selected CCs as a registered measure in
2020 to receive agricultural payments. Our results show that farmers were
experienced with a high number of CCs despite the high-latitude conditions. Only
11% of respondents had plenty of experience with CCs as mixtures. Farmers
tended to favour CCs that were familiar to them as cash crops. Organic producers
were usually more experienced than conventional farmers. Education increased
curiosity towards CCs. Farmers who used more diverse cash crops tended to use
more diverse CCs. In conclusion, especially farmers who have cereal-based systems
and rotations should be a core group for knowledge sharing to support transition
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towards increased use of CCs and higher diversity of CC species in the future.

1. Introduction

Cover crops (CCs) have piqued researchers and
farmers interest as they can provide various benefits
for agricultural systems while simultaneously redu-
cing the environmental footprint (Blanco-Canqui
et al, 2015; Daryanto et al, 2018; Lamichhane &
Alletto, 2022). These include potential ecosystem ser-
vices for restoring soil structure, conditions and func-
tionality (Adetunji et al, 2020; Kim et al, 2020;
Koudahe et al, 2022; Ruis & Blanco-Canqui, 2017;
Scavo et al, 2022), improving nutrient dynamics,
cycling and scavenging (De Notaris et al, 2020;
Nouri et al., 2022) and suppressing weeds (Lemessa
& Wakjira, 2015; Osipitan et al, 2018; Rouge et al,
2022). Success in the cultivation of CCs and the
benefits provided for agricultural systems and the

environment are, however, very site specific (i.e.
weather-, soil-, management-specific), which calls for
a more comprehensive understanding of how
regional features shape the potential multiple
benefits provided by CCs (Blanco-Canqui et al., 2015).

Cover crops are a diverse group of species. There is
lack of systematic data about the CC species grown by
farmers in different regions, which highlights the
novelty of this study. Often over-wintering green
biomass is targeted with cultivation of CCs when
aiming to mitigate nutrient loss (Aronsson et al.,
2016; Valkama et al., 2015; Vogeler et al., 2019) and
protect soil against high post-harvest precipitation
typical for Finland (Peltonen-Sainio et al, 2016),
where this study took place. Climate change may
increase these risks in the future (Ruosteenoja et al.,
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2016). The list of species that can be used as CCs is vir-
tually endless though to a certain extent they are
region specific. Cover crops are not primarily grown
to produce a harvestable yield, which explains high
number of alternative CCs compared to cash crops.
Farmers may, however, pursue different effects with
CCs, which again is dependent on the farm character-
istics, cropping systems and management (Blanco-
Canqui et al,, 2015; Sieling, 2019). In addition to the
functional (growth performance, nutrient dynamics,
competition) and management linked traits of CCs
(crop protection, termination, crop residues) that
support the coexistence with primary crops, farmers
weigh the role of CCs in relation to their cost-effec-
tiveness and potential to provide services for the
plant-soil system and environment (Daryanto et al.,
2018). Potential emerging risks that CCs may bring
should also be proactively considered and avoided.
For example, CCs may serve as a green-bridge for
pests and diseases within the cropping system (Hart,
2020), and volunteer plants may present problems
for subsequent crops (Stoa, 1933).

Success in introducing CCs into a farming system
and benefitting from their various potential ecosys-
tems services is very context dependent, because
many site-specific factors impact availability and func-
tionality of CCs in prevailing conditions and farming
systems (Costantini et al., 2020; Daryanto et al.,
2018; Vincent-Caboud et al,, 2017). In this study, we
used a farmer survey to have an overview of the
current use of CCs species in Finland and to under-
stand how CCs species selection varied depending
on the farmer and farm characteristics such as the
farmer’s age, education, region, the farming system
in use, the farm type, farm size and area under
cereal cultivation, and whether there are grasslands,
special crops and other diversifying crops on the
farm. This is an opportune moment for such a
survey as area under CCs has started to increase dra-
matically in Finland (Aronsson et al., 2016) from
23,000 ha in 2010 to 138,000 ha in 2020 (Peltonen-
Sainio et al, 2023) - also on conventional farms,
while traditionally their use has mostly been favoured
by organic producers with the aim to fix nitrogen with
legumes and compete against weeds. Such novel data
on CC choices and their use depending on the farm
and farmer characteristics serves as essential, so far
hidden knowledge, to support a deeper understand-
ing of the farmers’ successes and failures with CCs.
This is especially important considering future
financial and practical support needed by farmers

when introducing and further expanding the cultiva-
tion of CCs.

2. Materials and methods

2.1. Implementation of the farmer survey and
utilized background data

The farmer survey was carried out in Finland in
spring 2021. In total, the details of 7025 farms
(16% of Finnish farms in 2021) were requested
and received from the registry of the Finnish Food
Authority (FFA). These included the farm identifi-
cation number, farm type, location, parcel identifi-
cation number with CCs and the farmer's email-
address. The farmers whose data was sought from
the FFA were organic and conventional farms that
applied for agricultural payments for CCs in 2020.
Agricultural payments were registered at field
parcel scale. With these definitions, the FFA pro-
vided requested data on 5593 conventional farms
and 1432 organic farms. As farmers were contacted
by email, only those whose email-addresses were
available in the registry of the FAA were used as
respondents. With these definitions the total
number of invited farmers was 6493.

The survey started on 16th March 2021 and ended
on 11th April 2021. One reminder message was sent
on 30th March 2021. The primary questions analysed
in this study were ‘Which CCs do you have first-hand
experience with?” and ‘Do you have experience in
growing CCs as mixtures?. The survey included also
other questions with altogether 51 statements, all
dealing with CCs (see, e.g. Peltonen-Sainio, Jauhiai-
nen, Kankdnen et al., 2022, Peltonen-Sainio, Jauhiai-
nen, Mattila et al, 2022, 2023). Farmers were
informed that by CCs we meant those used as
under-sown crops, catch crops, break-CCs and winter-
time crop cover, i.e. CCs which were sown either
under or after the primary crop. In total 28 CCs
species were listed for farmers so that they could
tick off one of the following five answer choices for
each CC as a response to the question how much
they had first-hand experience with each species: 1
=none, 2 =very little, 3=somewhat, 4=a lot and 5
=very much. There was space to write the name of
some additional species farmers had experience
with, but this did not provide sufficient data to be
included in the analyses. The list of species involved
in this study is shown in Figure 1. The same five
answer choices as for specific CCs species were also
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Farmers’ firsthand experience with CC species

Mean

Timothy 3.23

White clover 2.72

Red clover 2.66

Italian ryegrass 2.64
Oats 2.62

Meadow fescue 2.32
Alsike clover 1.83
Winter rye 1.83

Winter wheat 1.75
Perennial ryegrass 1.68
Tall fescue 1.64

Persian clover 1.50
Lucerne 1.41

Winter rapeseed 141
Cocksfoot 1.34

Phacelia 1.34

Red fescue 1.34
Westerwold ryegrass 1.31
Oilseed radish 1.26
Hairy vetch 1.20

Sweet clover 1.16
Crimson clover 1.14
Buckwheat 1.11
Common bird's-foot 1.09
Black medick 1.09

Sickle medick 1.08
Subterranean clover 1.08
Chicory 1.06

0% 20% 40 % 60 % 80% 100 %
mVerymuch mAlot Somewhat = Verylittle m None

Figure 1. The distribution and mean (in order of decreasing value) of farmers’ answers (N = 1130) to the question Which cover crops (CCs) do
you have first-hand experience with? The answer choices were: 1 = none, 2 = very little, 3 = somewhat, 4 = a lot and 5 = very much. The share of
each answer choice is shown within each bar except in the case of being <1%.
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available for the question of experience with mixtures.
The questionnaire is shown in Table S1 (translated
from Finnish/Swedish to English).

In total 1130 farmers answered the survey, which
corresponded to a 17.4% response rate. An additional
362 viewed or started to fill in the survey without
completing and returning it by the deadline. The
survey respondents had to answer all the questions
of the survey to be able to return their answers.

Only the farmer’s age (<30, 31-50, 51-70 and >70
years) and education (basic, vocational, college level
and university) were requested as background infor-
mation in the survey. Because the shares of farmers
<30 and >70 years were low, as was also the case in
this survey, these age groups were merged with the
adjacent ones to form two age groups of <50 years
and >50 years. The background information that
was not requested in the survey was available for
2020 in the registry of the FFA by using the farm iden-
tity number. After merging the datasets, the respon-
dents were grouped for statistical analyses
according to: (1) the farming system (organic and con-
ventional) they operated, (2) the farm type they oper-
ated (cereal, special crop, horticulture, cattle, pig,
poultry and horse/sheep farm), (3) the farm size
(<40, 40-79, 80-119 and >120 ha) and (4) the geo-
graphical region their farms were located in
(merging 16 Centers for Economic Development,
Transport and the Environment, ELY Centers to form
four main regions: South-, West-, East/North-Finland
and the inland region). Furthermore, for each
responding farm the share of land devoted for
cereals, grassland, special crops [peas (Pisum sativum
L), faba beans (Vicia faba L.), spring and winter
oilseed rape (Brassica napa L) and turnip rape
(B. rapa L., caraway (Carum carvi L)] and other
crops [e.g. potatoes (Solanum tuberosum L.) and
sugar beets (Beta vulgaris var. altissimal were
assembled from the registry of the FFA and grouped
as <25%, 25-50% and >50% for cereals, grasslands
and other crops, and as 0%, < 10% and >10% for
special crops due to their low cultivation areas.

2.2. Statistical analyses

According to the preliminary examination, answers of
all the 1130 respondents were considered acceptable
and were used for statistical analyses. Non-response
biased was assessed by comparing characteristics of
the respondents who returned the survey to those of
non-respondents. The compared characteristics were:

the region, farming system, farm type, farm size, farm
cereal area, grassland area, special crop area and
other crop area. No significant distortions of represen-
tativeness were found. The response rate was close to
that of the contacted farmers (i.e. 17.4% + ~2%) for
regions, farm sizes, the shares of land devoted to
different crop groups in a farm and for organic and
conventional farms (232 and 898 responses, respect-
ively). Considering farm types, the cattle farms and
pig farms were slightly, but not significantly under-
representative (Table S2). Non-response bias did not
occur or was insignificant and therefore, no methods
to take bias into account were needed.

A Cochran-Mantel-Haenszel test (CMH) was used
to test the relationship between the row and column
variables. The row variables were formed from eight
characteristics of the respondents (e.g. the region,
farming system, farm type and farm size) and the
column variables were the results of the farmers’ culti-
vation experience with 28 different CCs (Figure 1) indi-
cated with a 5-point Likert scale. Typically, row and
column variables were ordinal scale and the corre-
lation statistic of the CMH with 1 degree of freedom
was used. If a row variable was not an ordinal scale as
in the case of region and farm type, ANOVA (Row
Mean Scores, RMS) statistics for the CMH was used.
ANOVA (RMS) tests were used for all pairwise compari-
sons, as well as when testing the interaction between
the farming system and other characteristics of respon-
dents (data not shown, except in Table S3). All CMH
tests were performed using SAS/FREQ and SAS/GLM
procedures (Stokes et al., 2001).

The number of CCs that a farmer had first-hand
experience with was defined as a sum of species for
which the respondent had ‘somewhat’, ‘a lot’" or
‘very much’ experience. For the statistical analysis,
respondents were classified into three groups (1-5,
6-10 and >11 CCs). After that, all statistical analyses
were based on the CMH and ANOVA tests. In addition,
the average from the original answers was calculated
over all CCs and respondents. The mean and
maximum were calculated from each respondent’s
data. These statistics were presented descriptively,
testing was not done.

3. Results
3.1. Cover crops used by Finnish farmers

Finnish farmers had at least some cultivation experi-
ence with a high number of CCs (Figure 1).
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However, the average rating over all CCs was only
1.64. This was attributable to a high number of CCs
in the questionnaire, while only part of CCs was very
familiar to respondents. There were in total 31,640
answers (1130 respondents and 28 CC species): 71%
of respondents rated 1=none experience, 8% 2=
very little, 11% 3 = somewhat, 6% 4 =a lot and 4% 5
=very much. However, the average varied greatly
among CCs. Less than 2% of the respondents culti-
vated CCs first time and had no experience yet.

Farmers were mostly experienced with CCs that
were commonly used in annual or perennial grass-
lands, environmental fallows or as grain crops. The
mean value of answers exceeded 3.0 only in the
case of timothy (Phleum pratense L) and 2.0 for
white clover (Trifolium repens L., red clover
(T. pratense L.), Italian ryegrass (Lolium multiflorum
L), oats (Avena sativa L) and meadow fescue
(Festuca pratensis L.). Other grain crops that were
used as CCs were winter rye (Secale cereale L),
winter wheat (Triticum aestivum L.), winter rapeseed
and buckwheat (Fagopyrum esculentum L.). Less than
10% of farmers had used sweet clover, crimson
clover (T. incarnatum L) and buckwheat as CCs.
Common bird’s-foot trefoil (Lotus corniculatus L.),
black medick (Medicago lupulina L.), sickle medick
(M. falcata L.), subterranean clover (T. subterraneum
L) and chicory (Cichorium intybus var. sativum L.)
were species that hardly any of the respondents had
cultivation experience with. Only 11% of respondents
had very much or a lot experience of using CCs as mix-
tures, while 28% had very little and 33% none.

3.2. Differences between farming systems,
farm types, farm sizes and regions on
cultivated cover crops

The number of CCs that farmers had first-hand experi-
ence varied according to farm characteristics. Organic
producers, farmers with larger farms and cattle farms
had experience with a higher number of CCs (Figure
2). Farmers were more experienced with CC mixtures
in South-Finland, as was the case for organic produ-
cers (Figure 3).

Organic farmers had more experience than con-
ventional farmers in the cultivation of all the other
CC species (Figure 4) except winter wheat, oilseed
radishes (Raphanus sativus var. oleiferus L.) and phace-
lia (Phacelia tanacetifolia L.). The difference between
organic and conventional farmers was especially
high for red clover and alsike clover (T. hybridum L.).

There were some differences between farm types on
CCs species that were used (Tables 1 and 2). For
example, cattle farms were more experienced with
perennial grasses as CCs contrary to less common
species like phacelia, oilseed radishes, buckwheat
and sweet clover. Cereal and special crop farms also
favoured common grassland crops such as red
clover, timothy, meadow fescue and Italian ryegrass
as CCs. Horse/sheep and horticulture farms came up
as farm types with experience with some very rarely
used CCs such as lucerne (Medicago sativa L)),
common bird’s-foot trefoil and sickle medick.

The choices of CCs varied depending on farm size
(Table 3). Larger farms (>80 ha) tended to be more
experienced than smaller farms with white clover,
Italian ryegrass, winter wheat, winter rye, tall fescue
(Festuca arundinaceae L., winter rapeseed and
oilseed radishes. Many differences between regions
were found on farmer's CC choices (Table 1). For
example, farmers in South-Finland favoured ltalian
ryegrass, winter rye, winter wheat, winter rapeseed
and buckwheat more frequently than those with
farms elsewhere, which was the opposite to timothy.

3.3. Cover crop choices depending on land use
in a farm

Farmers with higher shares of land area used as grass-
land and other crops, and lower shares of cereals had
experience with a higher number of CCs (Figure 2).
Farmers were more experienced with CC mixtures
when they had larger areas of grassland or other
diversifying crops and low areas of cereals (Figure
3). Farmers who had a high share of cereal area on a
farm (>50%) used winter wheat as a CC, while those
with <50% of cereal area used many other CCs that
are common as cash and grass crops. In the case of
larger grassland areas on a farm, farmers used more
frequently grass and leguminous crops as CCs, but
less often winter rye, winter wheat, winter rapeseed,
oilseed radishes and phacelia.

In Finland, the total land area under special crops is
in general small — especially, when compared to that
for cereals and grass crops. However, farmers with
even some land area under special cash crops (e.g.
legumes and rapeseed) were more experienced with
winter rye, winter wheat and winter rapeseed when
compared to those who did not cultivate any special
cash crops (Table 1). Experience with CCs varied
depending on the share of field area dedicated to a
diverse group of other crops (especially potatoes
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Organic
Coventional

Cereal
Special crop
Horticulture

Cattle

Pig
Poultry
Horse/sheep

2120 ha
80-119ha
40-79ha
<40 ha

>50%
25-50%
<25%

>50%
25-50%
<25%

>50%
25-50%
<25%

>50
<50

Figure 2. The distribution of the number of cover crop (CC) species grown by farmers when grouped into three categories (1-5, 6-10 and >11
CCs) depending on farm characteristic. Only such CC species were included that farmer had very much or a lot of first-hand experience. Mean
value is, however, based on original, non-grouped numbers of CC species. The share of each answer choice is shown within each bar. Means for

Farmers’ firsthand experience with CC species

Mean

11.4
8.1

8.5
8.8
9.6
9.9
8.3
9.6
9.7

9.5
8.9
8.6
8.4

7.9
9.0
11.2

9.8
9.8
8.0

11.7
9.4
8.5

8.5
9.2

100 %

Farming system
37 10
52 27
Farm type
53 24
48 23
33 28
40 19
40 33
43 21
19 37
Farm size
48 18
52 21
47 26
48 27
Share of cereal area in a farm
53 29
48 21
36 13
Share of grassland area in a farm
42 18
48 16
51 29
Share of land area under other crops in a farm
27 18
51 16
49 26
Farmer’s age
50 26
47 21
40% 60 % 80%
®>10 5-10 1-5

groups within each farm characteristic with the same letter do not differ significantly from each other (at P < 0.05).

and sugar beet). Farmers with higher areas under
these crops were often more experienced than

those with low areas (<25%) with many grass CCs as  and 2).

T T

ab

ab
ab

o0

well as with oilseed radishes, buckwheat, phacelia
and a high number of leguminous CCs (Tables 1
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Do you have experience in growing CC mixtures?

Mean
Region
East & North 31 35 21b
Inland 31 33 21 b
West 26 35 22 b
South 27 30 29 23 a
Farming system
Organic 35 22 15 29 a
Coventional 26 30 38 20 b
Share of cereal area in a farm
>50% 24 31 38 20 c
25-50% 29 27 30 23 b
<25% 37 23 23 25 a
Share of grassland area in a farm
>50% 30 24 29 24 a
25-50% 33 28 25 24 a
<25% 24 30 38 20 b
Share of land area under other crops in a farm
>50% 37 20 25 a
25-50% 34 24 25 a
<25% 25 30 21 b
Number of CCs with experience
>10 CCs 40 29 a
6-10CCs 29 35 22 b
1-5CCs 22 67 15 ¢
0% 20% 40 % 60 % 80 % 100 %

mVerymuch mAlot Somewhat = Verylittle m None

Figure 3. The distribution and mean value for farmers’ answers to the question Do you have experience in growing cover crops (CCs) as mixtures?
depending on region, farming system, share of land area under cereals, grassland, and other types of diversifying crops (e.g. potatoes and sugar
beet) as well as the number of CC species farmer were experienced. The answer choices were: 1 =none, 2 = very little, 3 = somewhat, 4 =a lot
and 5 = very much. The share of each answer choice is shown within each bar. Means with the same letter do not differ significantly from each
other (at P <0.05).

3.4. Farmer’s cover crop preferences

. . In the case of white clover, oats, winter rye, winter
depending on age and education

wheat, tall fescue, lucerne and winter rapeseed,
Younger farmers had experience with a higher number  younger farmers (<50 years) had more experience
of CC species (Figure 2). In general, differences than the older farmers. The farmers’ experience with
between the two age groups were modest (Figure 5).  different CCs was often dependent on their education.
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Farmers’ firsthand experience with CC species

Timothy NzC
Organic 22 Cy 11
Conventional 30 s T <0.0001
White clover
e — 1LWEEE 6 0001
Conventional 32 13 32
Red clover
e 18 SEEES 00001
Conventional 29 13 38
Italian ryegrass
S * 10 BEEEEE (0.0001
Conventional 37 12 31
Oats
e 2 <0.0001
Conventional 16 5 47
Meadow fescue
. * — 2 <0.0001
Conventional 22 10 a8
Alsike clover
Organic 24 12 27
Conventional 11 10 72 <0.0001
Winterrye
Organic 19 10 51
Conventional 14 8 67 <0.0001
Perennial ryegrass
Organic 29 18 40
Conventional 15 13 68 <0.0001
Tall fescue
Organic 18 16 46
Conventional 10 11 74 <0.0001
Persian clover
Organic 19 14 53
Conventional 7 9 20 <0.0001
Lucerne
Organic 12 13 64
Conventional 7 10 81 <0.0001
Winter rapeseed
Organic 11 17 68
Conventional 9 7 81 0.027
0% 20% 40% 60 % 80 % 100 %

W Very much mAlot Somewhat = Verylittle ™ None

Figure 4. The distribution of the most commonly used cover crop (CC) species in Finland depending on farming system. The share of each
answer choice is shown within each bar except in the case of being <1%. NZC, nonzero correlation, i.e. a statistical test that tests the difference
between two distributions.



Table 1. Differences in farmers’ experiences with various conventional crops as CCs depending on farm characteristics (N = 1130). Means with the same latter do not differ significantly from each
other (at P < 0.05). Number of respondents depending on farm characteristics is shown in Table S2.

Farm Italian Perennial Westerwold Meadow Red Tall Winter Winter Winter Oilseed
characteristic ryegrass ryegrass ryegrass Timothy  fescue fescue  fescue Cocksfoot  rye wheat Oats rapeseed radish ~ Buckwheat
Region
South 2.86 a 1.61a 124 b 274c 221b 139a 1.70 a 134 a 221 a 234 a 232b 158a 136 a 121 a
West 2.56 b 1.69 a 137 a 345a 226b 1.29 a 159 b 132a 1.69 b 148 b 279a 136b 1.27 ab 1.09 b
Inland 2.60 b 171 a 1.25b 319b 239b 137 a 160b 139a 177b  1.82¢ 259a 137b 1.19 bc 1.07 b
East-North 245 b 1.76 a 133 ab 360a 285a 1.36 a 187ab 1.35a 1.63 b 1.19d 267 121b 1.10 ¢ 1.06 b
ab
Farm type
Cereal 262 b 1.59 bc 124 b 3.09 bc 2.06b 1.28 ¢ 143b 127bc 193ab 1.82 bc 2.54a 1.46 bc 1.20 de 1.12 ab
Special crop 271b 148 ¢ 124 b 3.09 bc 230b 133bc 151b 125bc 193ab 1.79bcd 263a 1.35bcd 1.69 b 1.19a
Horticulture 217 b 1.72 abc 1.50 ab 3.17bc 250b 128 abc 144b 1.22bc 144bc 133de 317a 117 d 217 a 1.22 ab
Cattle 2.68 b 2.10 a 1.54 a 384a 329a 151 a 242 a 1.68 a 144 ¢ 140 e 280a 1.21d 1.09 e 1.04 b
Pig 255b 1.70 bc 127 b 276 c 182b 155ab 148b 1.06 ¢ 1.79 abc 2.18 ab 230a 1.45 bcd 1.42 bc 1.15 ab
Poultry 343 a 1.50 bc 1.21 ab 3.00 bc 243 b 136 abc 1.79 b 157ab 236a 2.86 a 329a 221a 1.36 bcd 1.00 ab
Horse/Sheep 225b 2.00 ab 1.50 ab 369ab 231b 125abc 1.81b 131abc 194abc 138 cde 263a 1.75ab 1.25 cd 1.13 ab
Cereal area
<25% 295 a 221 a 1.71a 376a 3.03a 1.56 a 224 a 158 a 173 a 152b 289a 146a 144 a 127 a
25-50% 2.60 b 174 b 130 b 349b 261b 132 b 182 b 138 b 183 a 1.60 b 269 133a 126 b 1.09 b
ab
>50% 2.55b 147 ¢ 1.18 ¢ 289¢c 192c 128 b 133 ¢ 1.24 ¢ 1.86 a 191 a 248b 143 a 1.20 b 1.08 b
Grassland area
<25% 263 a 149 ¢ 1.19 ¢ 281b 190b 1.28 b 134 ¢ 121 b 191 a 1.96 a 242b 146a 132 a 1.11a
25-50% 2.69 a 183 b 134 b 374a 276a 135ab 189b 149a 1.90 a 159 b 2.85a 1.40ab 1.22 ab 117 a
>50% 258 a 201 a 1.56 a 376 a 29a 147 a 213 a 1.53 a 155 b 1.36 ¢ 288a 1.26b 1.16 b 1.07 a
Special crop area
0% 2.55b 1.74 a 134 a 339a 244a 137 a 1.69 a 139 a 1.58 b 1.50 b 272a 125b 1.24 a 1.11a
<10% 2.76 ab 1.62 ab 1.23 ab 322a 241a 124 a 168ab 141a 233 a 223 a 275a 173 a 1.28 a 111 a
>10% 2.78 a 157 b 1.25b 286b 202b 130 a 151 b 121 b 220 a 213 a 233b 164a 130 a 113 a
Other crop area
<25% 2.56 b 162 b 1.27 ¢ 318a 225b 131 b 159 b 132 a 1.85a 1.80 a 260a 141a 117 ¢ 1.08 ¢
25-50% 2.83 a 182 a 138 b 338a 248a 136b 1.75a 140a 177 a 158 b 266a 136a 147 b 117 b
>50% 3.00 a 2.10 a 1.69 a 337a 284a 1.67 a 1.98 a 143 a 1.80 a 1.57 ab 267a 153a 1.98 a 149 a
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Table 2. Differences in farmers’ experiences with various special CCs depending on farm characteristics (N = 1,130). Means with the same latter do not differ significantly from each other (at P <
0.05). Number of respondents depending on farm characteristics is shown in Table S2.

Farm Red White Alsike Persian Crimson Subterranean Sweet Black Sickle Common Hairy

characteristic clover” clover clover™® clover clover clover clover* medick medick  Lucerne*  bird's-foot vetch  Phacelia* Chicory

Farm type

Cereal 261 a 272 a 1.67 b 147 a 114 a 1.07 a 1.16 a 1.08 a 1.06 b 133 b 1.07 c 1.16 136 b 1.06 a
cde

Special crop 268ab 253a 172 b 153 a 115a 1.07 a 120abc  1.10a 1.06 ab 133 b 1.08 bc 122be 150a 1.04 a

Horticulture 294ab 3.11a 2.00 ab 1.67 a 1.11a 1.06 a 144 a 1.17a 1.17 ab 1.56ab  1.17 bc 1.67 a 1.56 ab 1.00 a

Cattle 288 a 2.86 a 241 a 154 a 117 a 1.09 a 1.07 bc 1.11a 114 a 1.63 a 117 b 129 b 1.14 ¢ 1.07 a

Pig 2.18b 282a 152 b 148 a 112 a 112 a 1.06 ¢ 118 a 1.06 ab 142ab  1.03 bc 1.03de 1.42ab 1.03 a

Poultry 236ab 243a 2.14 ab 1.64 a 121 a 1.07 a 1.36 ab 127 a 1.14 ab 1.64 ab 1.07 bc 1.14 121 abc  1.07a
bcde

Horse/Sheep 250ab 250a 213 ab 138 a 125a 1.06 a 138abc 1.19a 125a 1.88 a 1.50 a 1.38 138abc 1.13a
abcd

Cereal area

<25% 328 a 3.08 a 2.69 a 182 a 135a 113 a 134 a 118 a 117 a 178 a 128 a 143 a 1.46 a 1.16 a

25-50% 297 b 272b 1.96 b 153 b 1.11b 1.06 b 114 b 1.09 b 1.08 b 143 b 1.08 b 1.19b 133 ab 1.05 b

>50% 226 ¢ 261b 147 ¢ 137 ¢ 1.10 b 1.06 b 111 b 1.07 b 1.05 b 1.28 ¢ 1.04 b 1.13 b 131 b 1.02b

Grassland area

<25% 227 b 259b 149 ¢ 1.39b 1.10b 1.05 b 1.15a 1.07 b 1.04 b 1.28 b 1.05 b 1.15b 136 a 1.03 b

25-50% 315a 2.86 a 2.08 b 157 a 1.19a 113 a 1.19a 113 a 1.15a 163 a 1.14 a 125a 140 a 1.07 ab

>50% 3.13 a 293 a 243 a 1.68 a 121a 1.09 ab 115a 112 ab 1.09 ab 149 a 1.16 a 127 a 1.23 b 1.10 a

Other crop area

<25% 256 b 271a 1.74 b 145 b 1.11b 1.07 a 112 b 1.08 b 1.06 b 135b 1.07 b 1.15b 128 ¢ 1.04 b

25-50% 294 a 273 a 2.05a 1.56 b 124 a 1.09 a 1.20 b 1.11b 1.06 b 1.56 a 1.15a 134 a 148 b 1.11a

>50% 322 a 292 a 243 a 2.02a 137 a 1.16 a 161 a 124 a 137 a 171 a 124 a 143 a 1.84 a 1.12 ab

*Farmers in South-Finland were most experienced with sweet clover, lucerne and phacelia, while those in North-Finland with alsike clover.
*Farmers were less experienced with red clover and alsike clover if they had >10% of field area on special crops.
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Table 3. Differences in farmers’ experiences with various CCs depending on farm size and farmer’s education (N = 1130). Means with the same latter do not differ significantly from each other (at
P <0.05). Number of respondents depending on farm size and farmer’s education are shown in Table S2.

Farm and farmer Italian Tall Winter Winter Winter Oilseed White Subterranean Hairy
characteristic ryegrass Timothy  fescue rye wheat Oats rapeseed radish clover clover vetch Phacelia
Farm size
<40 ha 248 b 328 a 144 c 157 ¢ 1.33d 271a 121c 1.20 b 268 b 1.09 a 125a 137 a
40-79 ha 252b 322a 1.61 b 1.72 bc 1.66 ¢ 257a 136b 1.18 b 263 b 1.06 a 1.17 a 137a
80-119 ha 280 a 320 a 1.84 a 191b 189 b 254a 139b 135a 2.75 ab 1.07 a 121 a 134 a
>120 ha 287 a 3.19a 1.77 ab 225a 228 a 262a 1.72a 138 a 290 a 1.08 a 1.16 a 136 a
Farmer’s education
Basic 245b 3.44 a 136 a 155b 130c 284a 123c 120 a 249 b 1.15a 1.21 ab 1.29 b
Vocational 251b 335a 170 a 173 b 167 b 272a 136 bc 123 a 261b 1.09 a 1.15b 1.28 ab
College level 2.84 a 307 b 1.60 a 183 b 1.71b 237b 145ab 129 a 2.84 a 1.02 b 1.21 ab 1.38 ab
University 2.73 ab 3.10b 1.64 a 208 a 204 a 2,57 149 a 131a 2.89 a 1.07 ab 127 a 144 a
ab
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Farmers’ firsthand experience with CC species

White clover hc
>50 30 11
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Winterrye
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Figure 5. The distribution of cover crop (CC) species grown by farmers depending on farmer’s age group. The share of each answer choice is
shown within each bar except in the case of being <1%. NZC, nonzero correlation, i.e. a statistical test that tests the difference between two

distributions.

Farmers with higher education (university and/or
college level) had more experience than those with a
lower education with CCs like white clover, Italian rye-
grass, winter cash crops as CCs and phacelia (Table 3).
The situation was the opposite for very common crops
as CCs such as timothy and oats for which farmers with
basic and vocational education were more experi-
enced. For other CCs the differences were minor. The

farming system x education interaction was significant
for quite many CCs: the level of education did not have
any impact on the experience of conventional farmers
with CCs contrary to that of organic ones (Table S3). For
example, for organic farmers there was a systematic
increasing trend of experience with perennial ryegrass
(Lolium perenne L.), sickle medick and buckwheat with
higher education.
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4. Discussion

This survey revealed that a high number of CC species
have been used or at least tested by Finnish farmers
despite the low total field areas under CCs and excep-
tionally short growing season (Peltonen-Sainio et al.,
2016; Peltonen-Sainio & Jauhiainen, 2020) that may
limit the CC choices available in Finland compared
to more southern regions. In general, crop choices
and their cultivation areas have increased in Finland
with climate warming (Peltonen-Sainio & Jauhiainen,
2020; Zhao et al., 2022), which may similarly make
more diverse choice of successfully grown CCs avail-
able for farmers. According to Aronsson et al. (2016),
contrary to Denmark (8%) and Sweden (5%), CCs
were grown only on 1% of arable land in Finland,
although a dramatical increase in the trend was
recognized. In a recent study, CCs were anticipated
to exhibit a substantial, so far underused expansion
potential on Finnish farms: only 14% of area con-
sidered to be suitable are currently used for CCs.
The potential expansion is even higher on conven-
tional farms, where CCs were grown on only 6% of
the total field area compared to 10% in organic
farms. Despite a surprisingly diverse choice of CCs,
farmers mainly used CCs that are also commonly cul-
tivated primary crops.

4.1. Region and farm type shape farmer’s
cover crop choices

Finland is a long, high-latitude country in a cold-tem-
perate/boreal vegetation zone and hence, prerequi-
sites for cultivating crops differ substantially
depending on region (Peltonen-Sainio & Jauhiainen,
2020). This also agreed with the farmers’ CCs
choices, which may be partly attributable to the polar-
ization of certain farm types in specific regions in
Finland, reinforced by long-term regional policies.
Especially dairy production and thereby perennial
grasslands are common in East- and North-Finland,
while the production of grain and seed crops domi-
nates land use in South- and West-Finland (Pelto-
nen-Sainio & Jauhiainen, 2020). Hence, the farmer’s
CC preferences differed depending on the share of
grassland and cereal area in a farm. This was not
likely only attributable to the general suitability of
different CCs for the existing production system and
cash crops (Peltonen-Sainio et al., 2022a), but also to
the farmer’s earlier experience in cultivating certain
species. For example, in the case of larger grassland

areas on a farm, farmers were more experienced
with many grass crops and clover species as CCs,
but less so with species like winter rye, winter wheat
and winter rapeseed. The latter species as well as
buckwheat (a minor pseudo-cereal) are mainly
grown as cash crops in southern, crop production
dominated regions (Peltonen-Sainio & Jauhiainen,
2020).

Some more differences in CC choices were found
between farm types. For example, in cereal and
special crop farms common grassland crops were
favoured as CCs. In pig farms nitrogen-fixing legumi-
nous CCs were avoided, which may be partly attribu-
table to on-farm use of pig slurry for crop nutrition.
Even though farmers tended to often favour familiar
crops as CCs, depending on farm type, they may
have very specific motives for choosing some excep-
tional CCs (Thorup-Kristensen & Rasmussen, 2015).
For example, deep-rooted oilseed and fodder radish
are used as catch- and break-crops in cereal-domi-
nated land areas (Munkholm & Hansen, 2012) -
recently also in Finland. Crucifers may catch nitrogen
(Tuulos et al., 2015) and sulfur (Couédel et al., 2018)
and suppress soil-borne pathogens (Hossain et al.,
2012). Phacelia is grown also in Finland for various
purposes such as soil cover, landscaping and honey
production. Chicory, common bird’'s-foot trefoil,
crimson clover and subterranean clover were among
the most exotic CCs tested by Finnish farmers. Increas-
ing functional diversity by growing mixtures of CCs is
a potential means to modify amount and timing of
nitrogen release (Furey et al., 2021). Subterranean
clover was a very exotic species for Finnish farmers,
while commonly grown in a Mediterranean climate
(Pecetti et al., 2020; Teixeira et al., 2021).

4.2. Farmers with diverse land use and higher
education tended to have more diverse cover
crop choices

Farmers were most experienced with CCs that are
well-known primary crops in Finland, with large-
scale, established management practices and
knowhow on their growth performance and pro-
duction risks. The use of familiar species as CCs does
not necessarily increase species diversity at the farm
or regional scale, even though CCs are likely to
increase spatial diversity on the field parcel scale,
e.g. in the case of under-sowing clover for cereals.
Nonetheless, farmers have already gained some
experience with quite a number of alternative CCs,
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but many of them were piloted only by a few respon-
dents. Even though farmers’ views on the benefits
that CCs may provide for production, sustainability,
resilience and the environment did not largely differ
in Finland depending on education (Peltonen-Sainio
et al., 2022b), under 50 years old respondents and
those with a university- and/or college-level edu-
cation tended to be more open to exploring alterna-
tive CCs on their farms. Educated farmers had, e.g.
some experience with winter cereals and rapeseed,
white clover, and phacelia, and higher educated
organic farmers also with rarely used sickle medick
and buckwheat. In Finland, organic farmers have far
more diverse land use than conventional producers
(Peltonen-Sainio & Jauhiainen, 2019) and they were
more experienced with both common and some
rarely used leguminous CCs like sweet clover,
crimson clover, common bird’s-foot trefoil and
medicks. These rarely used CCs were virtually unex-
perienced species on conventional farms. Organic
producers do not have to pay attention to the herbi-
cide sensitivity of under-sown CCs, which also allows
use of CC mixtures. Leguminous CCs have underuti-
lized potential especially in conventional cereal
farms (Peltonen-Sainio & Jauhiainen, 2019) to fix nitro-
gen and support nutrient cycling (De Notaris et al.,
2020).

The area under different groups of primary crops
on a farm substantially affected the degree of experi-
ence that farmers had with CCs. Especially farmers
with a higher share of land under other types of diver-
sifying crops like potatoes and sugar beet had used or
tested higher number of CC species. On the other
hand, farmers with higher share of field area on
special crops, grain legumes and rapeseed, did not
use more frequently special CCs than other farmers.
Our findings highlight the need to share knowledge
on CCs with farmers having cereals dominated farms
to encourage the transition towards higher land use
diversity and more resilient and sustainable systems
(Poeplau & Don, 2015; Stoate et al., 2009), especially,
as Finnish farmers agreed that CCs are the means to
gain such improvements (Peltonen-Sainio et al,
2022b).

Finnish farmers were not yet familiar with using
CCs as mixtures. Only 11% of the respondent
answered that they had very much or a lot of experi-
ence with use of CC mixtures, while 28% had very little
and 33% no experience at all. The use of mixtures may
e.g. boost simultaneous, divergent benefits provided
by CCs (Blanco-Canqui et al., 2015; Daryanto et al.,

2018; Furey et al.,, 2021). The use of mixtures of CCs
may also reduce the risk of choosing a poorly per-
forming single species that does not grow success-
fully in the case of unfavourable weather conditions
- often due to the high condition-dependency of
CCs (Vincent-Caboud et al., 2017; Wittwer & van der
Heijden, 2020). Mixtures were more frequently used
by organic producers and on farms located in
South-Finland, farms with higher land areas dedicated
to grassland and other crops (e.g. potatoes and sugar
beet), lower land areas dedicated to cereals, and in
cases when farmers had experience with a higher
number of CCs. A practical reason for choosing sole
crops as CCs can be that their seed is for sale virtually
everywhere in contrast to seed mixtures. The experi-
ence gained especially by organic farmers in cultivat-
ing CCs as mixtures is valuable and needs to be shared
with all Finnish farmers.

The future expansion of CCs may be further
pushed by climate change, as has already taken
place with many minor cash crops (Peltonen-Sainio
& Jauhiainen, 2020). Expanding CC cultivation areas
and becoming familiar with their use in cropping
systems may, however, face many region- and man-
agement-specific challenges that should not be over-
looked (Blanco-Canqui et al., 2015; Daryanto et al.,
2018; Sieling, 2019). Finnish farmers agreed with this
even though they were mostly positive about the
potential benefits that CCs may bring for high-latitude
crop production systems (Peltonen-Sainio et al,
2022b). Region-specific farmer surveys like this, focus-
ing on farmers’ experiences with CCs facilitate open
dialogue within the farmer-researcher-advisor com-
munity. This is important in countries like Finland
where farmers’ interest in CCs has increased dramati-
cally. Although experiences with some diversifying
CCs are still scarce in Finland, our findings suggest
that farmers who cultivate other cash crops than
cereals tend to be more open to piloting CCs that
are not yet largely in use.

5. Conclusion

This survey revealed that Finnish farmers were experi-
enced overall with a high number of CC species con-
sidering the limitations that high-latitude conditions
set for primary crop species and how underutilized
CCs are so far. Farmers used CCs mainly as mono-
crops. Only 11% of the respondents had a great
amount of experience with CC mixtures. Farmers
were especially experienced with CCs that are
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already familiar to them as primary crops. However,
the differences between farming systems were signifi-
cant, and organic producers were usually more experi-
enced with both common and less frequently used
CCs. This is likely to be attributable to an appreciation
of the variety of potential ecosystem services that CCs
may provide - as well as the reduced need to consider
herbicide damage. In addition, more educated
farmers tended to be more open to exploring alterna-
tive CC species and their share in farmer community
has increased over time. Farmers with diversity-
oriented farms using more diverse CC species are
important pioneers to share knowhow and best CC-
practices among the farming community. Especially
farmers who have cereal-based systems (spring
cereal mono-cropping) are an important target
group for knowledge sharing and policy instruments.
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